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(54) Nucleic acid mediated electron transfer 

(57) The present invention provides for the selective 
covalent modification of nucleic acids with redox active 
moieties such as transition metal complexes. Electron 
donor and electron acceptor moieties are covalently 
bound to the ribose-phosphate baci<bone of a nucleic 
acid at predetermined positions. The resulting complex- 



es represent a series of new derivatives that are bimo- 
lecular templates capable of transferring electrons over 
very large distances at extremely fast rates. These com- 
plexes possess unique structural features which enable 
the use of an entirely new class of bioconductors and 
photoactive probes. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention is directed to electron 

transfer via nucleic acids. More particularly, the Inven- 
tion Is directed to the site-selective modification of nu- 
cleic acids with electron transfer moieties such as redox 
active transition metal complexes to produce a new se- 
ries of biomaterials and to methods of malcing and using 
them. The novel biomaterials of the present Invention 
may be used as bioconductors and diagnostic probes. 
BACKGROUND OF THE INVENTION 
[0002] The present invention, in part, relates to meth- 
ods for the site-selective modification of nucleic acids 
with redox active moieties such as transition metal com- 
plexes, the modified nucleic acids themselves, and their 
uses. Such modified nucleic acids are particularly useful 
as bioconductors and photoactive nucleic acid probes. 
[0003] The detectio n of specific nucleic acid sequenc- 
es is an Important tool for diagnostic medicine and mo- 
lecular biology research. Gene probe assays currently 
play roles in identifying infectious organisms such as 
bacteria and viruses, in probing the expression of nor- 
mal genes and identifying mutant genes such as onco- 
genes, in typing tissue for compatibility preceding tissue 
transplantation, in matching tissue or blood samples for 
forensic medicine, and for exploring homology among 
genes from different species. 
[0004] Ideally, a gene probe assay should be sensi- 
tive, specific and easily automatable (for a review, see 
Nickerson, current Opinion in Biotechnology 4:48-51 
(1993)). The requirement for sensitivity (i.e. low detec- 
tion limits) has been greatly alleviated by the develop- 
ment of the polymerase chain reaction (PGR) and other 
amplification technologies which allow researchers to 
amplify exponentially a specific nucleic acid sequence 
before analysis (for a review, see Abramson et a!., cur- 
rent Opinion in Biotechnology, 4:41-47 (1993)). 
[0005] Specificity, in contrast, remains a problem in 
many currently available gene probe assays. The extent 
of molecular complementarity between probe and target 
defines the specificity of the interaction. Variations in the 
concentrations of probes, of targets and of salts in the 
hybridization medium, in the reaction temperature, and 
in the length of the probe may alter or Influence the spe- 
cificity of the probe/target interaction. 
[0006] It may be possible under some limited circum- 
stances to distinguish targets with perfect complemen- 
tarity from targets with mismatches, although this is gen- 
erally very difficult using traditional technology, since 
small variations in the reaction conditions wilt alter the 
hybridization. New experimental techniques for mis- 
match detection with standard probes include DNA liga- 
tion assays where single point mismatches prevent li- 
gation and probe digestion assays in which mismatches 
create sites for probe cleavage. 
[0007] Finally, the automation of gene probe assays 



remains an area in which current technologies are lack- 
ing. Such assays generally rely on the hybridization of 
a labelled probe to a target sequence followed by the 
separation of the unhybridized free probe. This separa- 

5 tion Is generally achieved by gel electrophoresis or solid 
phase capture and washing of the target DNA, and is 
generally quite difficult to automate easily. 
[0008] The time consuming nature of these separa- 
tion steps has led to two distinct avenues of develop- 

10 ment. One involves the development of high-speed, 
high-throughput automatable electrophoretic and other 
separation techniques. The other Involves the develop- 
ment of non-separation homogeneous gene probe as- 
says. 

15 [0009] For example, Gen-Probe Inc., (San DIego, OA) 
has developed a homogeneous protection assay in 
which hybridized probes are protected from base hy- 
drolysis, and thus are capable of subsequent chemilu- 
minescence. (Okwumabua et al. Res. Microbiol. 143: 

20 1 83 ( 1 992)) . Unfortunately, the reliance of this approach 
on a chemiluminescent substrate known for high back- 
ground photon emission suggests this assay will not 
have high specificity. EPO application number 
86116652.8 describes an attempt to use non-radiative 

25 energy transfer from a donor probe to an acceptor probe 
as a homogeneous detection scheme. However the flu- 
orescence energy transfer is greatly influenced by both 
probe topology and topography, and the DNA target it- 
self is capable of significant energy quenching, resulting 

30 in considerable variability. Therefore there is a need for 
DNA probes which are specific, capable of detecting tar- 
get mismatches, and capable of being incorporated into 
an, automated system for sequence Identification. 
[0010] As outlined above, molecular biology relies 

35 quite heavily on modified or labelled oligonucleotides for 
traditional gene probe assays (Oligonucleotide Synthe- 
sis: A Practical Approach. Gait et al., Ed., IRL Press: 
Oxford, UK, 1984; oligonucleotides and Analogues: A 
Practical Approach. Ed. F. Eckstein, Oxford University 

40 Press, 1 991 ). As a result, several, techniques currently 
exist for the synthesis of tailored nucleic acid molecules. 
Since nucleic acids do not naturally contain functional 
groups to which molecules of interest may easily be at- 
tached covalently, methods have been developed which 

45 allow chemical modification at either of the temninal 
phosphates or at the heterocyclic bases (Dreyer et al. 
Proc. Natl. Acad. Sci. USA, 1985, 82:968). 
[001 1 ] For example, analogues of the common deox- 
yribo- and ribonucleosides which contain amino groups 

50 at the 2' or 3* position of the sugar can be made using 
established chemical techniques. (See Imazawa et al., 
J. Org. Chem., 1979, 44:2039; Imazawa et al., J. org. 
Chem. 43(15):3044 (1978); Verheyden et al., J. Org. 
Chem. 36(2):250 (1971); Hobbs et a!., J. Org. Chem. 42 

55 (4);714 (1977)). In addition, oligonucleotides may be 
synthesized with 2'-5* or 3'-5' phosphoamide linkages 
(Beaucage et al., Tetrahedron 49(10):1925 (1992); Let- 
singer, J. Org. Chem., 35:3800 (1970); Sawal, Chem. 
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Lett. 805 (1984); Oligonucleotides and Analogues: A 
Practical Approach, F. Eckstein, Ed. Oxford University 
Press (1991)). 

[0012] The modification of nucleic acids has been 
done for two general reasons: to create nonradioactive 5 
DNA markers to serve as probes, and to use chemically 
modified DNA to obtain site-specific cleavage. 
[0013] To this end, DNA may be labelled to serve as 
a probe by aKering a nucleotide which then serves as a 
replacement analogue in the nick translational resynthe- 
sis of double stranded DNA. The chemically altered nu- 
cleotides may then provide reactive sites for the attach- 
ment of immunoiogical or other labels such as biotin. 
(Gilliam et al., Anal. Biochem. 157:1 99 (1986)). Another 
example uses ruthenium derivatives which intercalate 
into DNA to produce photoluminescence under defined 
conditions. (Friedman et al., J. Am. Chem. Soc. 112: 
4960 (1990)). 

[0014] In the second category, there are a number of 
examples of compounds covalently linked to DNA which 
subsequently cause DNA chain cleavage. For example 
1 , 1 0-phenanthroline has been coupled to single-strand- 
ed oligothym idyl ate via a linker which results in the 
cleavage of poly-dA oligonucleotides in the presence of 
Cu2+ and 3-mercaptopropionic acid (Francois et a!., Bi- 
ochemistry 27:2272 (1988)). Similar experiments have 
been done for EDTA''-Fe(ll) (both for double stranded 
DNA (Boutorin et al., FEBS Lett. 1 72:43-46 (1 986)) and 
triplex DNA (Strobel et al., Science 249:73 (1 990)), por- 
phyrin-Fe(lll) (Le Doan et al., Biochemistry '25: 
6736-6739 (1986)), and 1 ,10-phenanthronine-Cu(l) 
(Chen et al., Proc. Natl. Acad. Sci USA, 83:7147 
(1985)), which all result in DNA chain cleavage In the 
presence of a reducing agent in aerated solutions. A 
similar example using porphyrins resulted in DNA strand 
cleavage, and base oxidation or cross-linking of the 
DNA under very specif ic conditions (Le Doan et al., Nu- 
cleic Acids Res. 15:8643 (1987)). 
[001 5] Other work has focused on chemical modifica- 
tion of heterocyclic bases. For example, the attachment 
of an inorganic coordination complex, Fe-EDTA, to a 
modified internal base resulted In cleavage of the DNA 
after hybridization in the presence of dioxygen (Dreyer 
et al., Proc. Natl. Acad. Sci. USA 82:968 (1985)). A ru- 
thenium compound has been coupled successfully to an 
internal base in a DNA octomer, with retention of both 
the DNA hybridization capabjiities as well as the spec- 
troscopic properties of the ruthenium label (Telser et al., 
J. Am. Chem. Soc. Ill :7221 (1 989)). Other experiments 
have successfully added two separate spectroscopic la- 
bels to a single double-stranded DNA molecule (Telser 
et al., J. Am. Chem. Soc. 111:7226 (1989)). 
[001 6] The study of electron transfer reactions in pro- 
teins and DNA has also been explored in pursuit of sys- 
tems which are capable of long distance electron trans- 
fer. 

[001 7] To this end, intramolecular electron transfer in 
protein-protein complexes, such as those found in pho- 



tosynthetic proteins and proteins in the respiration path- 
way, has been shown to take place over appreciable dis- 
tances in protein interiors at biologically significant rates 
(see Bowler et al., Progress in Inorganic Chemistry: Bi- 
oinorganlc Chemistry, Vol. 38, Ed. Stephen J. Lippard 
(1990). In addition, the selective modification of metal- 
loenzymes with transition metals has been accom- 
plished and techniques to monitor electron transfer in 
these systems developed. For example, electron trans- 
fer proteins such as cytochrome c have been modified 
with ruthenium through attachment at several histidines 
and the rate of electron transfer from the heme Fe2+ to 
the bound Ru^-^ measured. The results suggest that 
electron transfer "tunnel" pathways may exist. (Baum, 
Chemical & Engineering News, February 22, 1 993, pag- 
es 2023; see also Chang et al., J. Am. Chem. Soc. 113: 
7056 (1991)). In related work, the normal protein insu- 
lation, which protects the redox centers of an enzyme 
or protein from nondiscriminatory reactions with the ex- 
terior solvent, was "wired" to transform these systems 
from electrical insulators into electrical conductors 
(Haller, Acc. Chem. Res. 23:128 (1990)). 
[0018] There are a few reports of photoinduced elec- 
tron transfer In a DNA matrix. In these systems, the elec- 
tron donors and acceptors are not covalently attached 
to the DNA, but randomly associated with the DNA, thus 
rendering the explicit elucidation and control of the do- 
nor-acceptor system difficult. For example, the intense 
fluorescence of certain quaternary diazoaromatk; salts 
Is quenched upon intercalation into DNA or upon expo- 
sure to individual mononucleotides, thus exhibiting elec- 
tron donor processes within the DNA itself. (Brun et al., 
J. Am. Chem. Soc. 113:8153 (1991)). 
[0019] Another example of the difficulty of determin- 
ing the electron transfer mechanism is found In work 
done with some photoexcitable ruthenium compounds. 
Early work suggested that certain ruthenium com- 
pounds either randomly intercalate into the nucleotide 
bases, or bind to the helix surface. (Purugganan et al., 
Science 241 :1 645 (1 988)). A recent reference indicates 
that certain ruthenium compounds do not intercalate in- 
to the DNA (Satyanarayana et al.. Biochemistry 31 (39): 
9319 (1992)); rather, they bind non-covalently to the sur- 
face of the DNA helix. 

[0020] In these early experiments, various electron 
acceptor compounds, such as cobalt, chromium or rho- 
dium compounds were added to certain DNA-associat- 
ed ruthenium electron donor compounds. (Puragganan 
et al., Science 241 :1645 (1988); Orellana et al., Photo- 
chem. Photobiol. 499:54 (1991); Brun et al., J. Am. 
Chem. Soc. 113:8153 (1991); Davis, Chem.-Biol. Inter- 
actions 62:45 (1987); Tomalia et al., Acc. Chem. Res., 
24:332 (1 991 )). Upon addition of these various electron 
acceptor compounds, which randomly bind non-cova- 
lently to the helix, quenching of the photoexclted state 
through electron transfer was detected. The rate of 
quenching was dependent on both the individual elec- 
tron donor and acceptor as well as their concentrations. 
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thus revealing the process as bimolecular 
[0021] In one set of experiments, the authors postu- 
late that the more mobile surface bound donor promotes 
electron transfer with greater efficiency than the inter- 
calated species, and suggest that the sugar-phosphate 5 
backbone of DNA, and possibly the solvent medium sur- 
rounding the DNA, play a significant role in the electron 
transport. (Purugganan et al., Science 241:1645 
(1988)). In other work, the authors stress the depend- 
ence of the rate on the mobility of the donor and acceptor 
and their local concentrations, and assign the role of the 
DNA to be primarily to facilitate an increase In local con- 
centration of the donor and acceptor species on the he- 
lix. (Orellana et al., supra). 

[0022] In another experiment, an electron donor was 
reportedly randomly intercalated into the stack of bases 
pf DNA, while the acceptor was randomly associated 
with the surface of the DNA. The rate of electron transfer 
quenching indicated a close contact of the donor and 
the acceptor, and the system also exhibits enhancement 
of the rate of electron transfer with the addition of salt 
to the medium. (Fromherz etai., J. Am.Chem. Soc. 108: 
5361 (1986)). 

[0023] In all of these experiments, the rate of electron 
transfer for non-covalently bound donors and acceptors 
is several orders of magnitude less than is seen In free 
solution. 

[0024] An important stimulus for the development of 
long distance electron transfer systems is the creation 
of synthetic light harvesting systems. Work to date sug- 
gests that an artificial light harvesting system contains 
an energy transfer complex, an energy migration com- 
plex, an electron transfer complex and an electron mi- 
gration complex (for a topical review of this area, see 
Chemical & Engineering News, March 15, 1993, pages 
38-48). Two types of molecules have been tried: a) long 
organic molecules, such as hydrocarbons with covalent- 
ly attached electron transfer species, or DNA, with in- 
tercalated, partially Intercalated or helix associated 
electron transfer species, and b) synthetic polymers. 
[0025] The long organic molecules, while quite rigid, 
are influenced by a number of factors, which makes de- 
velopment difficult. These factors Include the polarity 
and composition of the solvent, the orientation of the do- 
nor and acceptor groups, and the chemical character of 
either the covalent linkage or the association of the elec- 
tron transfer species to the molecule. 
[0026] The creation of acceptable polymer electron 
transfer systems has been difficult because the availa- 
ble polymers are too flexible, such that several modes 
of transfer occur. Polymers that are sufficiently rigid of- 
ten significantly interfere with the electron transfer 
mechanism or are quite difficult to synthesize. 
[0027] Thus the development of an electron transfer 
system which is sufficiently rigid, has covalently at- 
tached electron transfer species at defined intervals, is 
easy to synthesize and does not appreciably interfere 
with the electron transfer mechanism would be useful in 



the development of artificial light harvesting systems. 
[0028] !n conclusion, the random distribution and mo- 
bility of the electron donor and acceptor pairs, coupled 
with potential short distances between the donor and ac- 
ceptor, the loose and presumably reversible association 
of the donors and acceptors, the reported dependence 
on solvent and broad putative electron pathways, and 
the disruption of the DNA structure of intercalated com- 
pounds rendering normal base pairing impossible all 
serve as pronounced limitations of long range electron 
transfer in a DNA matrix. Therefore, a method for the 
production of rigid, covalent attachment of electron do- 
nors and acceptors to provide minimal perturbations of 
the nucleic acid structure and retention of its ability to 
base pair nonnally, is desirable. The present invention 
serves to provide such a system, which allows the de- 
velopment of novel bioconductors and diagnostic 
probes. 



[0029] The present invention provides for the selec- 
tive modification of nucleic acids at specific sites with 
redox active moieties such as transition metal complex- 
es. An electron donor and/or electron acceptor moiety 
are covalently bound preferably along the ribose-phos- 
phate backbone of the nucleic acid at predetermined po- 
sitions. The resulting complexes represent a series of 
new derivatives that are biomolecular templates capa- 
ble of transf ending electrons over very large distances at 
extremely fast rates. These complexes possess unique 
structural features which enable the use of an entirely 
new class of bioconductors and diagnostic probes. 
[0030] Accordingly, It is an object of the invention to 
provide a single stranded nucleic acid which has both 
an electron donor moiety and an electron acceptor moi- 
ety covalently attached thereto. These moieties are at- 
tached through the ribose phosphate or analogous 
backbone of the nucleic acid. The single stranded nu- 
cleic acid is capable of hybridizing to a complementary 
target sequence in a single stranded nucleic acid, and 
transferring electrons between the donor and acceptor. 
[0031] It Is a further object of the present invention to 
provide for a nucleic acid probe which can detect base- 
pair mismatches. In this embodiment, the single strand- 
ed nucleic acid with a covalently attached electron donor 
and electron acceptor moiety is hybridized to a comple- 
mentary target sequence in a single stranded nucleic 
acid. When the region of hybridization contains at least 
one base pair mismatch, the rate of electron transfer be- 
tween the donor moiety and the acceptor moiety is de- 
creased or eliminated, as compared to when there Is 
perfect complementarity between the probe and target 
sequence. 

[0032] It Is an additional object of the present inven- 
tion to provide a complex which contains a first single 
stranded nucleic acid with at least one electron donor 
moiety and a second single stranded nucleic acid with 
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at least one electron acceptor moiety. As with the other 
embodiments of the present invention, the moieties are 
covalently linked to the ribose-phosphate backbone of 
the nucleic acids. 

[0033] In one aspect of the present invention, the first 5 
and second single stranded nucleic acids are capable 
of hybridizing to each other to fomn a double stranded 
nucleic acid, and of transferring electrons between the 
electron donor moiety and the electron acceptor moiety. 
[0034] In another aspect of the present invention, a 
target sequence in a single stranded nucleic acid com- 
prises at least first and second target domains, which 
are directly adjacent to one another. The first single 
stranded nucleic acid hybridizes to the first target do- 
main and the second single stranded nucleic acid hy- 
bridizes to the second target domain, such that the first 
and second single stranded nucleic acids are adjacent 
to each other. This resulting hybridization complex is ca- 
pable of transferring electrons between the electron do- 
nor moiety and the electron acceptor moiety on the first 
and second nucleic acids. 

[0035] In another aspect of the present invention, a 
target sequence in a single stranded nucleic acid com- 
prises a first target domain, an intervening target do- 
main, and a second target domain. The intervening tar- 
get domain comprises one or more nucleotides. The first 
and second single stranded nucleic acids hybridize to 
the first and second target domains. An intervening nu- 
cleic acid comprising one or more nucleotides hybridiz- 
es to the target Intervening domain such that electrons 
are capable of being transferred between the electron 
donor moiety and the electron acceptor moiety on the 
first and second nucleic acids. 

[0036] The invention also provides for a method of 
making a single stranded nucleic acid containing an 
electron transfer moiety covalently attached to the 5' ter- 
minus of the nucleic acid. The method comprises incor- 
porating a modified nucleotide into a growing nucleic ac- 
id at the 5' position to form a modified single stranded 
nucleic acid. The modified single stranded nucleic acid 
is then hybridized with a complementary single stranded 
nucleic acid to form a double stranded nucleic acid. The 
double stranded nucleic acid is reacted with an electron 
transfer moiety such that the moiety is covalently at- 
tached to the modified single stranded nucleic acid. The 
modified single stranded nucleic acid containing the 
electron transfer moiety is separated from the comple- 
mentary unmodified single stranded nucleic acid. 
[0037] The present invention also provides a method 
for making a single stranded nucleic acid containing an 
electron transfer moiety covalently attached to an inter- 
nal nucleotide. The method comprises creating a nucle- 
otide dimer joined by a phosphoramide bond and incor- 
porating said nucleotide dImer into a growing nucleic ac- 
id to form a modified single stranded nucleic acid. The 
modified single stranded nucleic acid is then hybridized 
with a complementary single stranded nucleic acid to 
form a double stranded nucleic acid. The double strand- 



ed nucleic acid is reacted with an electron transfer moi- 
ety such that the moiety is covalently attached to the 
modified single stranded nucleic acid. The modified sin- 
gle stranded nucleic acid containing the electron trans- 
fer moiety is separated from the complementary un- 
modified single stranded nucleic acid. 
[0038] Another aspect of the present invention pro- 
vides a method of detecting a target sequence. The 
method comprises creating a single stranded nucleic 
acid with an electron donor moiety and an electron ac- 
ceptor moiety covalently attached. The single stranded 
"nucleic acid containing the electron transfer moieties is 
then hybridized to the target sequence, and an electron 
transfer rate detemiined between the electron donor 
and the electron acceptor, 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0039] 

Figure 1 illustrates possible orientations of electron 
donor (EDM) and electron acceptor (EAM) moieties 
on a single stranded nucleic acid. 

Figure 2 illustrates orientations of electron transfer 

moieties EDM and EAM on two adjacent single 
stranded nucleic acids. These orientations also ap- 
ply when the two probes are separated by an inter- 
vening sequence. 

Figure 3 illustrates a series of amino-modified nu- 
cleoside precursors prior to incorporation into an ol- 
igonucleotide. 

Figures 4A and 4B depict the structure of electron 
transfer moieties. Figure 4A deprcts the general for- 
mula of a representative class of electron donors 
and acceptors. Figure 4B depicts a specific exam- 
ple of a ruthenium electron transfer moiety using 
bisbipyridine and imidazole as the ligands. 

DETAILED DESCRIPTION 

[0040] Unless otherwise stated, the temri "nucleic ac- 
id" or "oligonucleotide" or grammatical equivalents here- 
in means at least two nucleotides covalently linked to- 
gether. A nucleic acid of the present invention will gen- 
erally contain phosphodiester bonds, although in some 
cases, as outlined below, a nucleic acid may have an 
analogous backbone, comprising, for example, phos- 
phoramide (Beaucage et al., Tetrahedron 49(1 0):1 925 
(1993) and references therein; Letsinger J. Org. Chem. 
35:3800 (1970)), phosphorothioate, phosphorodithio- 
ate, O-methylphophoroamidite linkages (see Eckstein, 
Oligonucleotides and Analogues: A Practical Approach, 
Oxford University Press), or peptide nucleic acid linkag- 
es (see Egholm, J. Am. Chem. Soc. 114:1895 (1992); 
Meier et al., Chem. Int. Ed. Engl. 31:1008 (1992); 
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Nielsen, Nature, 365:566 (1993)). The nucleic acids 
may be single stranded or double stranded, as speci- 
fied. The nucleic acid may be DNA, RNA or a hybrid, 
where the nucleic acid contains any combination of de- 
oxyribo- and ribo-nucleotides, and any combination of 
uracil, adenine, thymine, cytosine and guanine. In some 
instances, e.g. in the case of an "Intervening nucleic ac- 
id", the term nucleic acid refers to one or more nucle- 
otides. 

[0041] The terms "electron donor moiety", "electron 
acceptor moiety", and "electron transfer moieties" or 
grammatical equivalents herein refers to molecules ca- 
pable of electron transfer under certain conditions. It is 
to be understood that electron donor and acceptor ca- 
pabilities are relative, that Is, a molecule which can lose 
an electron under certain experimental conditions will 
be able to accept an electron under different experimen- 
tal conditions. Generally, electron transfer moieties con- 
tain transition metals as components, but not always. 
[0042] The temn "target sequence" or grammatical 
equivalents herein means a nucleic acid sequence on 
a single strand of nucleic acid. The target sequence may 
be a portion of a gene, a regulatory sequence, genomic 
DNA, mRNA, or others. It may be any length, with the 
understanding that longer sequences are more specific. 
Generally speaking, this term will be understood by 
those skilled In the art. 

[0043] The probes of the present invention are de- 
signed to be complementary to the target sequence, 
such that hybridization of the target sequence and the 
probes of the present invention occurs. As outlined be- 
low, this complementarity need not be perfect; there 
may be any number of base pair mismatches which will 
interfere with hybridization between the target sequence 
and the single stranded nucleic acids of the present in- 
vention. However, if the number of mutations is so great 
that no hybridization can occur under even the least 
stringent of hybridization conditions, the sequence is not 
a complementary target sequence. 
[0044] The terms "first target domain" and "second 
target domain" or grammatical equivalents herein 
means two portlonsof a target sequence within a nucleic 
acid which is under examination. The first target domain 
may be directly adjacent to the second target domain, 
or the first and second target domains may be separated 
by an intervening target domain. The temns "first" and 
"second" are not meant to confer an orientation of the 
sequences with respect to the 5' -3' orientation of the tar- 
get sequence. For example, assuming a 5-3' orientation 
of the complementary target sequence, the first target 
domain may be located either 5' to the second domain, 
or 3' to the second domain. 

[0045] The present invention Is directed, in part, to the 
site-selective modification of nucleic acids with redox 
active moieties such as transition metal complexes for 
the preparation of a new series of biomate rials capable 
of long distance electron transfer through a nucleic acid 
matrix. The present invention provides for the precise 



placement of electron transfer donor and acceptor moi- 
eties at predetemnlned sites on a single stranded or dou- 
ble stranded nucleic acid. In general, electron transfer 
between electron donor and acceptor moieties in a dou- 
5 ble helical nucleic acid does not occur at an appreciable 
rate unless nucleotide base pairing exists In the se- 
quence between the electron donor and acceptor in the 
double helical structure. 

[0046] This differential in the rate of electron transfer 
10 fomris the basis of a utility of the present invention for 
use as probes. In the system of the present invention, 
where electron transfer moieties are covalently bound 
to the backbone of a nucleic acid, the electrons puta- 
tively travel via the tc-orbitals of the stacked base pairs 
15 of the double stranded nucleic acid. The electron trans- 
fer rate is dependent on several factors, including the 
distance between the electron donor-acceptor pair, the 
free energy (AG) of the reaction, the reorganization en- 
ergy (A.), the contribution of the intervening medium, the 
orientation and electronic coupling of the donor and ac- 
ceptor pair, and the hydrogen bonding between the bas- 
es. The latter confers a dependence on the actual nu- 
cleic acid sequence, since A-T pairs contain one less 
hydrogen bond than C-G pairs. However, this sequence 
dependence is overshadowed by the detemiination that 
there is a measurable difference between the rate of 
electron transfer within a DNA base-pair matrix, and the 
rate through the ribose-phosphate backbone, the sol- 
vent or other electron tunnels. This rate differential Is 
thought to be at least several orders of magnitude, and 
may be as high as four orders of magnitude greater 
through the stacked nucleotide bases as compared to 
other electron transfer pathways. Thus the presence of 
double stranded nucleic acids, for example in gene 
probe assays, can be determined by comparing the rate 
of electron transfer for the unhybridized probe with the 
rate for hybridized probes. 

[0047] In one embodiment, the present invention pro- 
vides for novel gene probes, which are useful in molec- 
ular biology and diagnostic medicine. In this embodi- 
ment, single stranded nucleic acids having a predeter- 
mined sequence and covalently attached electron donor 
and electron acceptor moieties are synthesized. The se- 
quence is selected based upon a known target se- 
quence, such that if hybridization to a complementary 
target sequence occurs In the region between the elec- 
tron donor and the electron acceptor electron transfer 
proceeds at an appreciable and detectable rate. Thus, 
the present invention has broad general use, as a new 
form of labelled gene probe. In addition, since detecta- 
ble electron transfer in unhybridized probes is not ap- 
preciable, the probes of the present invention allow de- 
tection of target sequences without the removal of un- 
hybridized probe. Thus, the present invention is unique- 
ly suited to automated gene probe assays. 
[0048] The present invention also finds use as a 
unique methodology for the detection of mutations in tar- 
get nucleic acid sequences. As a result, if a single 
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stranded nucleic acid containing electron transfer moi- 
eties is hybridized to a target sequence with a nnutation, 
the resulting perturbation of the base pairing of the nu- 
cleotides will measurably affect the electron transfer 
rate. This Is the case if the mutation is a substitution, 
insertion or deletion. Accordingly, the present invention 
provides for the detection of mutations in target se- 
quences. 

[0049] Thus, the present invention provides for ex- 
tremely specific and sensitive probes, which may, in 
some embodiments, detect target sequences without 
removal of unhybridized probe. This will be useful in the 
generation of automated gene probe assays. 
[0050] in an alternate embodiment double stranded 
nucleic acids have covalentfy attached electron donor 
and electron acceptor moieties on opposite strands. 
Such nucleic acids are useful to detect successful gene 
amplification in polymerase chain reactions (PGR). For 
example, if one of the two PGR primers contains a 5' 
tenninally attached electron donor, and the other con- 
tains a 5' terminally attached electron acceptor, several 
rounds of PGR will generate doubly labeled double 
stranded fragments (occasionally referred to as "ampli- 
cons"). After appropriate photoinduction, the detection 
of electron transfer provides an indication of the suc- 
cessful amplification of the target sequence as com- 
pared to when no amplification occurs. A particular ad- 
vantage of the present Invention is that the separation 
of the single stranded primers from the amplified double 
stranded DNA is not necessary, as outlined above for 
probe sequences which contain electron transfer moie- 
ties. 

[0051] In another embodiment the present invention 
provides for double stranded nucleic acids with cova- 
lentty attached electron donor and electron acceptor 
moieties to serve as bioconductors or "molecular wire". 
The electron transport may occur over distances up to 
and in excess of 28A per electron donor and acceptor 
pair. In addition, the rate of electron transfer is very fast, 
even though dependent on the distance between the 
electron donor and acceptor moieties. By modifying the 
nucleic acid in regular intervals with electron donor and/ 
or electron acceptor moieties, it may be possible to 
transport electrons over long distances, thus creating 
bioconductors. These bioconductors are useful in a 
large number of applications, including traditional appli- 
cations for conductors such as mediators for electro- 
chemical reactions and processes. 
[0052] In addition, these bioconductors may be useful 
as probes for photosynthesis reactions as well as in the 
construction of synthetic light han/esting systems. The 
current models for the electron transfer component of 
an artificial light harvesting system have several prob- 
lems, as outlined above, including a dependence on sol- 
vent polarity and composition, and a lack of sufficient 
rigidity without arduous synthesis. Thus the present in- 
vention is useful as both a novel form of bioconductor 
as well as a novel gene probe. 



[0053] In addition, the present invention provides a 
novel method for the site specific addition to the rlbose- 
phosphate backbone of a nucleic acid of electron donor 
and electron acceptor moieties to a previously modified 

5 nucleotide. 

[0054] In one embodiment, the electron donor and ac- 
ceptor moieties are added to the 3' and/or 5' termini of 
the nucleic acid. In alternative embodiments, the elec- 
tron donor and acceptor moieties are added to the back- 

10 bone of one or more Internal nucleotides, that is, any 
nucleotide which is not the 3' or 5' terminal nucleotide. 
In a further embodiment, the electron donor and accep- 
tor moieties are added to the backbone of both internal 
and terminal nucleotides. 

15 [0055] In a prefen-ed embodiment, thetransition metal 
electron transfer moieties are added through a proce- 
dure which utilizes modified nucleotides, preferably ami- 
no-modified nucleotides. In this embodiment, the elec- 
tron transfer moieties are added to the sugar phosphate 

20 backbone through the nitrogen group in phosphoramide 
linkages. The modified nucleotides are then usedto site- 
specifically add a transition metal electron transfer moi- 
ety, either to the 3' or 5' termini of the nucleic acid, or to 
any internal nucleotide. 

25 [0056] Molecular mechanics calculations indicate that 
perturbations due to the modification of the terminal nu- 
cleotides of nucleic acids are minimal and Watson-Grick 
base pairing is not disrupted (unpublished data using 
Biograf from Molecular Simulations Inc., San Diego, 

30 GA). Accordingly, in one embodiment, modified nucle- 
otides are used to add an electron transfer moiety to the 
5' terminus of a nucleic acid. In this embodiment, the 2' 
position of the ribose of the deoxyribo- or ribonucleoside 
is modified prior to the addition of the electron transfer 

35 species, leaving the 3' position of the ribose unmodified 
for subsequent chain attachment. In a preferred embod- 
iment, an amino group is added to the 2' carbon of the 
sugar using established chemical techniques. (Ima- 
zawa et al., J. Org. Chem., 44:2039 (1979); Hobbs et 

40 al., J. Org. Chem. 42(4):714 (1977); Verheyden et al. J. 
Org. Ghem. 36{2):250 (1971)). 
[0057] Once the modified nucleotides are prepared, 
protected and activated, they may be incorporated into 
a growing oligonucleotide by standard synthetic tech- 

45 niques (Gait, oligonucleotide Synthesis: A Practical Ap- 
proach, IRL Press, Oxford, UK 1984; Eckstein) as the 
5' terminal nucleotide. This method therefore allows the 
addition of a transition metal electron transfer moiety to 
the 5' terminus of a nucleic acid. 

50 [0058] In an alternative embodiment, the 3' terminal 
nucleoside is modified in order to add a transition metal 
electron transfer moiety. In this embodiment, the 3' nu- 
cleoside Is modified at either the 2' or 3' carbon of the 
ribose sugar. In a preferred embodiment, an amino 

55 group is added to the 2' or 3' carbon of the sugar using 
established chemical techniques (Imazawa et al., J. 
Org. Ghem., 44:2039 (1979); Hobbs et al., J. Org. 
Ghem. 42{4):714 (1977); Verheyden etal. J. Org. Ghem. 
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36(2):250(1971)). 

[0059] The above procedures are applicable to both 
DNA and RNA derivatives as shown in figure 3. 
[0060] The amino-modifled nucleotides made as de- 
scribed above are converted to the 2' or 3' modified nu- 
cleotide triphosphate form using standard biochemical 
methods (Fraser et al., Proc. Natl. Acad. Scl. USA, 4: 
2671 (1973)). One or more modified nucleosides are 
then attached at the 3' end using standard molecular 
biology techniques such as with the use of the enzyme 
DNA polymerase I or temninal deoxynucleotldyltrans- 
ferase (Rattlff, Terminal deoxynucleotidyltransferase. In 
The Enzymes, Vol 14A. RD. Boyered. pp 105-118. Ac- 
ademic Press, San Diego, CA. 1981). 
[0061] In other embodiments, the transition metal 
electron transfer moiety or moieties are added to the 
middle of the nucleic acid, i.e. to an internal nucleotide. 
This may be accomplished in three ways. 
[0062] I n a preferred embodiment, an oligonucleotide 
Is amino-modif led at the 5' terminus as described above. 
In this embodiment, oligonucleotide synthesis simply 
extends the 5' end from the amino-modified nucleotide 
using standard techniques. This results in an internally 
amino modified oligonucleotide. 
[0063] In an alternate embodiment, electron transfer 
moieties are added to the backbone at a site other than 
ribose. For example, phosphoramide rather than phos- 
phodiester linkages can be used as the site fortransition 
metal modification. These transition metals serve as the 
donors and acceptors for electron transfer reactions. 
While structural deviations from native phosphodiester 
linkages do occur and have been studied using CD and 
NMR (Heller Acc. Chem. Res. 23:128 (1990); Schuh- 
mann et al. J. Am. Chem. Soc. 113:1394 (1991)), the 
phosphoramldite internucleotlde link has been reported 
to bind to complementary polynucleotides and is stable 
(Beaucage et al., supra, and references therein; Lets- 
inger, supra; Sawai, supra; Jager Biochemistry 27:7237 
(1988)). In this embodiment, dimers of nucleotides are 
created with phosphoramide linkages at either the 2'-5' 
or 3'-5' positions. A preferred embodiment utilizes the 
3'-5' position for the phosphoramide linkage, such that 
structural disruption of the subsequent Watson-Crick 
basepairing is minimized. These dimer units are incor- 
porated into a growing oligonucleotide chain, as above, 
at defined Intervals, as outlined below. 
[0064] It should be noted that when using the above 
techniques for the modification of internal residues it is 
possible to create a nucleic acid that has an electron 
transfer species on the next-to-last 3' temninal nucle- 
otide, thus eliminating the need for the extra steps re- 
quired to produce the 3' terminally labelled nucleotide. 
[0065] In a further embodiment for the modification of 
internal residues, 2' or 3' modified nucleoside triphos- 
phates are generated using the techniques described 
above for the 3' nucleotide modification. The modified 
nucleosides are Inserted internally into nucleic acid us- 
ing standard molecular biological techniques for label- 



ling DNA and RNA. Enzymes used for said labelling in- 
clude DNA polymerases such as polymerase t, T4 DNA 
polymerase, T7 DNA polymerase, Taq DNA polymer- 
ase, reverse transcriptase and RNA polymerases such 
5 as E. coli RNA polymerase or the RNA polymerases 
from phages SP6, T7 or T3 (Short Protocols in Molecu- 
lar Biology, 1992. Ausubel et al. Ed. pp 3.11-3.30). 
[0066] In a prefen-ed embodiment, the electron donor 
and acceptor moieties are attached to the modified nu- 
10 cleotide by methods which utilize a unique protective hy- 
bridization step. In this embodiment, the modified single 
strand nucleic acid is hybridized to an unmodified com- 
plementary sequence. This blocks the sites on the het- 
erocyclic bases that are susceptible to attack by the 
15 transition metal electron transfer species. The exposed 
amine or other ligand at the 2* or3' position of the ribose, 
the phosphoramide linkages, or the other linkages use- 
ful in the present invention, are readily modified with a 
variety of transition metal complexes with techniques 
readily known in the art (see for example Millet et al, in 
Metals in Biological Systems, Sigel et al. Ed. Vol. 27, pp 
223-264, Marcell Dekker Inc. New Yori<, 1991 and Dur- 
ham, et al. in ACS Advances in Chemistry Series, John- 
son et al. Eds,, Vol. 226, pp 1 80-1 93, American chemical 
Society, Washington DC; and Meade et al., J. An. 
Chem. Soc. 111 :4353 (1989)). After successful addition 
of the desired metal complex, the modified duplex nu- 
cleic acid is separated into single strands using tech- 
niques well known in the art. 

[0067] In a preferred embodiment, single stranded 
nucleic acids are made which contain one electron do- 
nor moiety and one electron acceptor moiety. The elec- 
tron donor and electron acceptor moieties may be at- 
tached at either the 5' or 3' end of the single stranded 
nucleic acid. Alternatively, the electron transfer moieties 
may be attached to internal nucleotides, or one to an 
internal nucleotide and one to a temninal nucleotide. It 
should be understood that the orientation of the electron 
transfer species with respect to the 5'-3' orientation of 
the nucleic acid is not detemninative. Thus, as outlined 
in Figure 1 , any combination of internal and temiinal nu- 
cleotides may be utilized in this embodiment. 
[0068] In an alternate pretended embodiment, single 
stranded nucleic acids with at least one electron donor 
moiety and at least one electron acceptor moiety are 
used to detect mutations in a complementary target se- 
quence. A mutation, whether It be a substitution, inser- 
tion or deletion of a nucleotide or nucleotides, results in 
incorrect base pairing in a hybridized double helix of nu- 
cleic acid. Accordingly, if the path of an electron from an 
electron donor moiety to an electron acceptor moiety 
spans the region where the mismatch lies, the electron 
transfer will be eliminated or reduced such that a change 
in the relative rate will be seen. Therefore, in this em- 
bodiment, the electron donor moiety is attached to the 
nucleic acid at a 5' position from the mutation, and the 
electron acceptor moiety is attached at a 3' position, or 
vice versa. 
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[0069] In this embodiment it is also possible to use an 
additional label on the modified single stranded nucleic 
acid to detect hybridization where there is one or more 
mismatches. If the complementary target nucleic acid 
contains a mutation, electron transfer is reduced orelim- 5 
Inated. To act as a control, the modified single stranded 
nucleic acid may be radio- orfluorescently labeled, such 
that hybridization to the target sequence may be detect- 
ed, according to traditional molecular biology tech- 
niques. TTiis allows for the detennination that the target 
sequence exists but contains a substitution, insertion or 
deletion of one or more nucleotides. Alternatively, single 
stranded nucleic acids with at least one electron donor 
moiety and one electron acceptor moiety which hybrid- 
ize to regions with exact matches can be used as a con- 
trols for the presence of the target sequence. 
[0070] It is to be understood that the rate of electron 
transfer through a double stranded nucleic acid helix de- 
pends on the nucleotide distance between the electron 
donor and acceptor moieties. Longer distances will have 
slower rates, and consideration of the rates will be a pa- 
rameter in the design of probes and bioconductors. 
Thus, while it is possible to measure rates for distances 
in excess of 100 nucleotides, a preferred embodiment 
has the electron donor moiety and the electron acceptor 
moiety separated by at least 3 and no more than 1 00 
nucleotides. More preferably the moieties are separated 
by 8 to 64 nucleotides, with 15 being the most preferred 
distance. 

[0071] In addition, it should be noted that certain dis- 
tances may allow the utilization of different detection 
systems. For example, the sensitivity of some detection 
systems may allow the detection of extremely fast rates; 
i.e. the electron transfer moieties may be very close to- 
gether. Other detection systems may require slightly 
slower rates, and thus allow the electron transfer mole- 
ties to be farther apart. 

[0072] In an alternate embodiment, a single stranded 
nucleic acid Is modified with more than one electron do- 
nor or acceptor moiety. For example, to increase the sig- 
nal obtained from these probes, or decrease the re- 
quired detector sensitivity, multiple sets of electron do- 
nor-acceptor pairs may be used. 
[0073] As outlined above, in some embodiments dif- 
ferent electron transfer moieties are added to a single 
stranded nucleic acid. For example, when an electron 
donor moiety and an electron acceptor moiety are to be 
added, or several different electron donors and electron 
acceptors, the synthesis of the single stranded nucleic 
acid proceeds in several steps. First partial nucleic acid 
sequences are made, each containing a single electron 
transfer species, i.e. either a single transfer moiety or 
several of the same transfer moieties, using the tech- 
niques outlined above. Then these partial nucleic acid 
sequences are ligated together using techniques com- 
mon in the art, such as hybridization of the individual 
modified partial nucleic acids to a complementary single 
strand, followed by ligation with a commercially availa- 



ble ligase. 

[0074] In a preferred embodiment, single stranded 
nucleic acids are made which contain one electron do- 
nor moiety or one electron acceptor moiety. The electron 
donor and electron acceptor moieties are attached at 
eitherthe 5' or 3' end of the single stranded nucleic acid. 
Alternatively, the electron transfer moiety Is attached to 
an intemal nucleotide. 

[0075] It is to be understood that different species of 
electron donor and acceptor moieties may be attached 
to a single stranded nucleic acid. Thus, more than one 
type of electron donor moiety or electron acceptor moi- 
ety may be added to any single stranded nucleic acid. 
[0076] in a preferred embodiment, a first single 
stranded nucleic acid is made with on or more electron 
donor moieties attached. A second single stranded nu- 
cleic acid has one or more electron acceptor moieties 
attached. In this embodiment, the single stranded nu- 
cleic acids are made for use as probes for a comple- 
mentary target sequence. In one embodiment, the com- 
plementary target sequence is made up of a first target 
domain and a second target domain, where the first and 
second sequences are directly adjacent to one another. 
In this embodiment, the first modified single stranded 
nucleic acid, which contains only electron donor moie- 
ties or electron acceptor moieties but not both, hybrid- 
izes to the first target domain, and the second modified 
single stranded nucleic acid, which contains only the 
conesponding electron transfer species, binds to the 
second target domain. The relative orientation of the 
electron transfer species is not Important, as outlined in 
Figu re 2, and the present invention is intended to include 
all possible orientations. 

[0077] In the design of probes comprised of two single 
stranded nucleic acids which hybridize to adjacent first 
and second target sequences, several factors should be 
considered. These factors include the distance between 
the electron donor moiety and the electron acceptor 
moiety in the hybridized fomri, and the length of the in- 
dividual single stranded probes. For example, it may be 
desirable to synthesize only 5' terminally labelled 
probes. In this case, the single stranded nucleic acid 
which hybridizes to the first sequence may be relatively 
short, such that the desirable distance between the 
probes may be accomplished. For example, If the opti- 
mal distance between the electron transfer moieties is 
15 nucleotides, then the first probe may be 15 nucle- 
otides long. 

[0078] In one aspect of this embodiment, the two sin- 
gle stranded nucleic acids which have hybridized to the 
adjacent first and second target domains are ligated to- 
gether prior to the electron transfer reaction. This may 
be done using standard molecular biology techniques 
utilizing a DNA ligase, such as T4 DNA ligase. 
[0079] In an alternative embodiment, the complemen- 
tary target sequence will have a first target domain, an 
Intervening target domain, and a second target domain. 
In this embodiment, the first modified single stranded 
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nucleic acid, which contains only electron donor moie- 
ties or electron acceptor nnoieties but not both, hybrid- 
izes to the first target domain, and the second modified 
single stranded nucleic acid, which contains only the 
corresponding electron transfer species, binds to the 5 
second target domain. When an intervening single 
stranded nucleic acid hybridizes to the intervening tar- 
get sequence, electron transfer between the donor and 
acceptor is possible. The intervening sequence may be 
any length, and may comprise a single nucleotide. Its io 
length, however, should take into consideration the de- 
sirable distances between the electron donor and ac- 
ceptor moieties on the first and second modified nucleic 
acids. Intervening sequences of lengths greater than 14 
are desirable, since the intervening sequence is more is 
likely to remain hybridized to form a double stranded nu- 
cleic acid if longer intervening sequences are used. The 
presence or absence of an intervening sequence can 
be used to detect insertions and deletions. 
[0080] In one aspect of this embodiment, the first sin- 20 
gle stranded nucleic acid hybridized to the first target 
domain, the intervening nucleic acid hybridized to the 
intervening domain, and the second single stranded nu- 
cleic acid hybridized to the second target domain, may 
be ligated together prior to the electron transfer reaction. 25 
This may be done using standard molecular biology 
techniques. For example, when the nucleic acids are 
DNA, a DNA ligase, such as T4 DNA ligase can be used. 
[0081] The complementary target single stranded nu- 
cleic acid of the present invention may take many f omris. 30 
For example, the complementary target single stranded 
nucleic acid sequence may be contained within a larger 
nucleic acid sequence, i.e.allorpartof ageneormRNA, 
a restriction fragment of a plasmid or genomic DNA, 
among others. One skilled in the art of molecular biology 35 
would understand how to construct useful probes for a 
variety of target sequences usingthe present invention. 
[0082] In one embodiment, two single stranded nucle- 
ic acids with covalently attached electron transfer moi- 
eties have complementary sequences, such that they 40 
can hybridize together to form a bioconductor. In this 
embodiment, the hybridized duplex is capable of trans- 
ferring at least one electron from the electron donor moi- 
ety to the electron acceptor moiety. In a preferred em- 
bodiment, the individual single stranded nucleic acids 45 
are aligned such that they have blunt ends; in alternative 
embodiments, the nucleic acids are aligned such that 
the double helix has cohesive ends. In either embodi- 
ment, it is preferred that there be uninterrupted double 
helix base-pairing between the electron donor moiety so 
and the electron acceptor moiety, such that electrons 
may travel through the stacked base pairs. 
[0083] In one bioconductor embodiment, the double 
stranded nucleic acid has one single strand nucleic acid 
which carries all of the electron transfer moieties. In an- 55 
other embodiment, the electron transfer moieties may 
be carried on either strand, and in any orientation. For 
example, one strand may carry only electron donors. 



and the other only electron acceptors or both strands 
may carry both. 

[0084] In one embodiment, the double stranded nu- 
cleic acid may have different electron transfer moieties 
covalently attached in a fixed orientation, to facilitate the 
long range transfer of electrons. This type of system 
takes advantage of the fact that electron transfer spe- 
cies may act as both electron donors and acceptors de- 
pending on their oxidative state. Thus, an electron donor 
moiety, after the loss of an electron , may act as an elec- 
tron acceptor, and vice versa. Thus, electron transfer 
moieties may be sequentially oriented on either strand 
of the double stranded nucleic acid such that directional 
transfer of an electron over very long distances may be 
accomplished. For example, a double stranded nucleic 
acid could contain a single electron donor moiety at one 
end and electron acceptor moieties, of the same or dif- 
ferent composition, throughout the molecule. A cascade 
effect of electron transfer could be accomplished in this 
manner, which may result in extremely long range trans- 
fer of electrons. 

[0085] The choice of the specific electron donor and 
acceptor pairs will be influenced by the type of electron 
transfer measurement used; for a review, see Winkler 
et al., Chem. Rev. 92:369-379 (1 992). When a long-lived 
excited state can be prepared on one of the redox sites, 
direct measurement of the electron transfer rate after 
photoinduction can be measured, using for example the 
flash-quench method of Chang et al., J. Amer. Chem. 
Soc. 1 1 3:7057 (1 991 ). In this preferred embodiment, the 
excited redox site, being both a better acceptor and do- 
nor than the ground-state species, can transfer elec- 
trons to or from the redox partner An advantage of this 
method is that two electron transfer rates may be meas- 
ured: the photoinduced electron transfer rates and ther- 
mal electron-hole recombination reactions . Thus differ- 
ential rates may be measured for hybridized nucleic ac- 
ids with perfect complementarity and nucleic acids with 
mismatches. 

[0086] In alternative embodiments, neither redox site 
has a long lived excited state, and electron transfer 
measurements depend upon bimolecular generation of 
a kinetic intemnediate. For a review, see Winkler et al., 
supra. This intemnediate then relaxes to the themiody- 
namic product via intramolecular electron transfer using 
a quencher, as seen below: 

D-A + hv - D-A' 
D-A* -f Q - D-A* + Q' 

D-A* - D*-A 
D**A + Q" - D-A + Q 

[0087] The upper limit of measurable intramolecular 
electron transfer rates using this method is about 1 0^ 
per second. 
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[0088] Alternative embodiments use the pulse-radio- 
lytic generation of reducing or oxidizing radicals, which 
inject electrons into a donor or remove electrons from a 
donor, as reviewed in Winkler et ai., supra. 
[0089] Electron transfer will be initiated using electri- 
cal, electrochemical, photon (including laser) or chemi- 
cal activation of the electron transfer moieties. These 
events are detected by changes in transient absorption 
or by fluorescence or phosphorescence or chemilumi- 
nescence of the electron transfer moieties. 
[0090] In the preferred embodiment, electron transfer 
occurs after photoinduction with a laser. In this embod- 
iment, electron donor moieties may, after donating an 
electron, serve as electron acceptors under certain cir- 
cumstances. Similarly, electron acceptor moieties may 
serve as electron donors under certain circumstances. 
[0091] In a preferred embodiment, DNA is modified 
by the addition of electron donor and electron acceptor 
moieties. In an alternative embodiment, RNA is modi- 
fied. In a further embodiment, a double stranded nucleic 
acid for use as a bioconductor will contain some deox- 
yribose nucleotides, some ribose nucleotides, and a 
mixture of adenosine, thymidine, cytoslne, guanine and 
uracil bases. 

[0092] In accordance with a further aspect of the in- 
vention, the preferred formulations for donors and ac- 
ceptors will possess a transition metal covalently at- 
tached to a series of ligands and further covalently at- 
tached to an amine group as part of the ribose ring (2* 
or 3' position) or to a nitrogen or sulfur atom as part of 
a nucleotide dimer linked by a peptide bond, phospho- 
ramidate bond, phosphorothioate bond, phospho- 
rodithioate bond or 0-methyl phosphoramidate bond. 
[0093] A general fonnula is representative of a class 
of donors and acceptors that may be employed is shown 
in figure 4A. In this figure, M may be Cd, Mg, Cu, Co, 
Pd, Zn, Fe, Ru with the most preferred being ruthenium. 
The groups R\ R^^ ffi, R^, and R^ may be any coordi- 
nating ligand that is capable of covalently binding to the 
chosen metal and may include tigands such as NH3, py- 
ridine, isonicotinamlde, imidazole, bipyridine, and sub- 
stituted derivative of bipyridine, phenanthrolines and 
substituted derivatives of phenanthrolines, porphyrins 
and substituted derivatives of the porphyrin family. The 
structure of a ruthenium electron transfer species using 
bisbipyridine and imidazole as the ligands is shown in 
figure 4B. Specific examples of useful electron transfer 
complexes include, but are not limited to, those shown 
in Table 1 . 



TABLE 1 



Donors 


Acceptors 


Ru(bpy)2im-NH2-U 
Ru(bpy)2im-NH2-U 
Ru(bpy)2im-NH2-U 


Ru (NH3)5-NH2-U 

Ru(NH3)4py-NH2-U 

Ru(NH3)4im-NH2-U 



Where: 

Ru = ruthenium 
bpy = bisbipyridine 
5 im = imidazole 
py = pyridine 

[0094] It is to be understood that the number of pos- 
sible electron donor moieties and electron acceptor moi- 

10 eties is very large, and that one skilled in the art of elec- 
tron transfer compounds will be able to utilize a number 
of compounds in the present invention. 
[0095] In an alternate embodiment, one of the elec- 
tron transfer moieties may be in the fonri of a solid sup- 

^5 port such as an electrode. When the other electron 
transfer moiety is in solution the system is referred to as 
a heterogenous system as compared to a homogenous 
system where both electron donor and electron transfer 
moities are in the same phase. 

20 [0096] The techniques used in this embodiment are 
analogos to the wiring of proteins to an electrode except 
that the nucleic acids of the present Invention are used 
rather than a redox protein (see for example Gregg et 
al-, J. Phys. Chem. 95:5970 (1991); Heller et al„ Sen- 

25 sons and Actuators R., 13-14:180 (1993); and Pishko et 
al., Anal. Chem., 63:2268 (1991)). In this embodiment, 
It is preferred that a redox polymer such as a poly(vi- 
nylpyridine) complex of Os(bpy)2CI be cross-linked with 
an epoxide such as diepoxide to form a redox-conduct- 

30 Ing epoxide cement whbh is capable of strongly binding 
to electrodes made of conductive material such as gold, 
vitreous carbon, graphite, and other conductive materi- 
als. This strong attachment Is included in the definition 
of "covalently attached" for the purposes of this embod- 

35 iment. The epoxide cross-linking polymer Is then react- 
ed with, for example, an exposed amine, such as the 
amine of an amino-modified nucleic acid described 
above, covalently attaching the nucleic acid to the com- 
plex, fonning a "redox hydrogel" on the surface of the 

40 electrode. 

[0097] In this embodiment, a single stranded nucleic 
acid probe containing at least one electron transfer moi- 
ety is attached via this redox hydrogel to the surface of 
an electrode. Hybridization of a target sequence can 

45 then be measured as a function of conductivity between 
the electron transfer moiety covalently attached to one 
end of the nucleic acid and the electrode at the other 
end. This may be done using equipment and techniques 
well known in the art, such as those described in the 

50 references cited above. 

[0098] In similar embodiments, two nucleic acids are 
utilized as probes as described previously. For example, 
one nucleic acid is attached to a solid electrode, and the 
other, with a covalently attached electron transfer moi- 

55 ety, is free in solution. Upon hybridization of a target se- 
quence, the two nucleic acids are aligned such that elec- 
tron transfer between the electron transfer moiety of the 
hybridized nucleic acid and the electrode occurs. The 
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electron transfer is detected as outlined above, or by use 
of amperometric, potentlo metric or conductometric 
electrochemical sensors using techniques well known 
in the art. 

[0099] The following examples serve to more fully de- 
scribe the manner of using the above-described inven- 
tion, as well as to set forth the best modes contemplated 
for can7lng out various aspects of the invention. It Is un- 
derstood that these examples in no way serve to limit 
the true scope of this Invention, but rather are presented 
for illustrative purposes. 

EXAMPLES 

[0100] The amino-modifled monomer units are pre- 
pared by variation of published procedures and are In- 
corporated into a growing oligonucleotide by standard 
synthetic techniques. The procedure is applicable to 
both DNA and RNA derivatives. 

Example 1 

Synthesis of an Oligonucleotide Duplex with Electron 
Transfer Moieties at the 5' TenminI 

[0101] In this example an eight nucleotide double 
stranded nucleic acid was produced, with each single 
strand having a single electron transfer moiety covalent- 
ly attached to the 5' terminal uridine nucleotide at the 2' 
carbon of the ribose sugar 

Step 1 : Synthesis of 5'-di(p-methoxyphenyl)methyl 
ether-2'-(trifluoroacetamido)-2'-deoxyuridine 

[0102] 2'-(trifluoroacetamido)-2'-deoxyuridine (2.0 g, 
5.9 mmoles) prepared by minor modification of pub- 
lished procedures ( Imazawa, supra) was repeatedly dis- 
solved in a minimum of very dry CH3CN and rotary evap- 
orated to dryness and then transfenred to inert atmos- 
phere vacuum line and further dried for a period of 1 
hour. The following procedure for the synthesis of the 
material was adapted from Gait (supra): Under positive 
pressure argon, the material was dissolved in freshly 
dried and distilled pyridine and with stirring, 0.05 equiv- 
alents (wt.) of 4-dimethylaminopyrldlne (DMAP), 1.5 
equivalents of triethylamine (TEA) and 1.2 equivalents 
of 4,4'-dimethoxytrltyl chloride (DMTr-CI) were added to 
the reaction mixture. The progress of the reaction was 
monitored by silica gel TLC (98:2 methylene chloride: 
methanol, mobile phase). After 30 minutes, an addition- 
al 0.5 equivalents each of DMTr-CI and TEA were added 
and the reaction allowed to proceed for an additional 
three hours. To this reaction mixture was added an equal 
volume of water and the solution extracted several times 
with diethyl ether. The ether layers were rotary evapo- 
rated to dryness, redtssolved in a minimum amount of 
methylene chloride and purified by flash chromatogra- 
phy (99:1 methylene chlcride:methanol, mobile phase), 



to obtain the5'-di(p-methoxyphenyl)methylether-2*-(trif- 
luoroacetamido)-2'-deoxyuridlne product. 

Step 2: 5'-2'-aminouridine-GCTACGA and 5'-2'- 
5 amInouridine-CGTAGCA 

[0103] 5'-di(p-methoxyphenyl)methylether-2'-(trifluor- 
oacetamido)-2'-deoxyuridine was dried under reduced 
pressure (glass) and dissolved in freshly dried and dis- 

10 tilled CH3CN and placed in a specially made conical vial 
and placed on an ABI DNA synthesizer. The program 
for the preparation of standard (I.e. unmodified) oligo- 
nucleotides was altered during the final base (amino- 
modifled) addition to a 15-30 minute coupling time. The 

15 oligonucleotide was cleaved from the column by stand- 
ard procedures and purified by C-18 reverse phase 
HPLC. In this manner 5'-2'-aminouridine-GCTACGA 
and 5'-2'-aminouridine-CGTAGCA were prepared. In 
addition, unmodified complementary strands to both 

20 products were made for use in the electron transfer moi- 
ety synthesis below. 

Step 3: 5'-2'-ruthenium bisbipyridinelmidazole- 
aminouridlne-GCTACGA 

25 

[0104] 5'-2'-aminouridlne GCTACGA produced in the 
previous step was annealed to the complementary un- 
modified strand using standard techniques. All manipu- 
lations of the annealed duplex, prior to the addition of 

30 the transition metal complex were handled at 4'C. In or- 
der to insure that the DNA remained annealed during 
modification, the reactions were performed in 1M salt. 
The 5'-amino modified duplex DNA was dissolved in 0.2 
M HEPES, 0.8 M NaCI, pH 6.8 and repeatedly evacuat- 

35 ed on a Schlenk line. Previously prepared ruthenium 
bisbipyridine carbonate was dissolved in the above buff- 
er and oxygen was removed by repeated evacuation 
and purging with argon via a Schlenk line. The ruthe- 
nium complex was transferred to the DNA solution via 

40 cannulatton (argonA^acuum) and the reaction allowed to 
proceed under positive pressure argon with stirring for 
24 hours. To this reaction, 50 equivalents of imidazole 
was added to the flask and the reaction allowed to pro- 
ceed for an additional 24 hours. The reaction mixture 

45 was removed from the vacuum line and applied to a PD- 
1 0 gel filtration column and eluted with water to remove 
excess ruthenium complex. The volume of the collected 
fractions was reduced to dryness via a speed vac and 
the solid taken up in 0.1 M triethylammonium acetate 

50 (TEAC) pH 6.0. The duplex DNA was heated to 60*C 
for 15 minutes with 50% fonmamide to denature the du- 
plex. The single stranded DNA was purified using a C- 
18 reverse phase HPLC column equiped with a diode 
array detector and employing a gradient from 3% to 35% 

55 acetonitrile In 0.1 M TEAC, pH 6.0. 
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step 4: 5'-2'-ruthenjum tetraminepyrldine- 
amlnou rIdine-CGTAGCA 

[0105] 5'-aminouridine-CGTAGCA (O.S^im) was dis- 
solved in 0.2 M HEPES, 0.8 M NaCI buffer, pH 6.8 and 
degassed on the vacuum line. To a 1 0 ml conical shaped 
flask equipped with a stirring bar and septum was slur- 
ried Ru(lll) tetraaminepyridlne chloride (10 ^im), in the 
same buffer. In a separate flask, Zn/Hg amalgam was 
prepared and dried under reduced pressure and the ru- 
thenium(lll) solution transferred (via cannulation) to the 
Zn/Hg amalgam. The immediate formation of a clear yel- 
low solution (X^ax = "^Oe nm) Indicated that the reduced 
form of the ruthenium had been achieved and the reac- 
tion allowed to proceed for 30 minutes. This solution was 
transferred to the flask containing the amino-modified 
DNA and the reaction allowed to proceed at room tem- 
perature for 24 hours under argon. The reaction mixture 
was removed from the vacuum line and a 50 fold excess 
of cobalt EDTA (Kirschner, Inorganic Synthesis (1957), 
pp 1 86) added to the solution. The solution was applied 
to Sephadex G-25 gel filtration column to remove ex- 
cess ruthenium complex and further purified by reverse 
phase HPLC as described above. The two ruthenium 
modified nucleotides were annealed by standard tech- 
niques and characterized (see Example 5). 

Example 2 

Synthesis of Long DNA Duplexes with Electron Transfer 
IVIoteties at the 5' Termini 

[0106] In this example, an in vitro DNA amplification 
technique, PGR (reviewed in Abramson et al., Curr. Op. 
In Biotech. 4:41 -47 (1 993)) is used to generate modified 
duplex DNA by polymerization of nucleotides off modi- 
fied primer strands (Saiki et al., Science 239:487 
(1988)). Two oligonucleotides 18 bases in length and 
not complementary to each other are synthesized with 
amino-modification to the 2'-ribose position of the 5* nu- 
cleotides, as in example 1 . 

[0107] A series of oligonucleotides of increasing 
lengths starting at 40 bases are chemically synthesized 
using standard chemistry. Each of the PGR templates 
shares a 5' sequence identical to one modified 1 8mer. 
The 3' end of the template oligonucleotide shares a se- 
quence complementary to the other 1 8mer. 
[0108] PGR rapidly generates modified duplex DNA 
by the catalysis of 5-3' DNA synthesis off of each of the 
modified 18mers using the unmodified strand as a tem- 
plate. One hundred nanomoles of each of the two mod- 
ified 18mers are mixed in 1 ml of an aqueous solution 
containing 2,000 units of Taq polymerase, deoxyribonu- 
cleoside triphosphates at 0.2 M each, 50 mM KCL 10 
mM Tris-CI, pH 8.8, 1.5 mM MgClg, 3 mM dithiothreitol 
and 0.1 mg/mt bovine serum albumin. One femtomole 
of the template strand 40 bases in length is added to the 
mixture. The sample is heated at 94**C for one minute 



for denaturation, two minutes at 55**C for annealing and 
three minutes at 72*C for extension. This cycle is re- 
peated 30 times using an automated thermal cycler. 
[0109] The amplified template sequences with transi- 
5 tion metal complexes on both 5' termini are purified by 
agarose gel electrophoresis and used directly in elec- 
tron transfer applications. 



Moieties at Internucleotide Linkages of Duplex DNA 

[01 1 0] In this example, alternative backbones to pho- 
15 phodiester linkages of oligonucleotides are employed. 
Functional groups incorporated Into these internucle- 
otide linkages serve as the site for covalent attachment 
of the electron transfer moieties. These alternate inter- 
nucleotide linkages include, but are not limited to, pep- 
20 tide bonds, phosphoramidate bonds, phosphorothloate 
bonds, phosphorodithioate bonds and 0-methylphos- 
phoramidate bonds. 

[0111] The preparation of peptide nucleic acid (PNA) 
follows literature procedures (See Engholm, supra), 

25 with the synthesis of Boc-protected pentaflurophenyl 
ester of the chosen base (thymidine). The resulting PNA 
may be prepared employing Merrlfield's solid-phase ap- 
proach (Merrifield, Science, 232:341 (1986)), using a 
single coupling protocol with 0.1 M of the thiminyl mon- 

30 omer in 30% (v/v) DMF in GHgClg. The progress of the 
reaction Is followed by quantlatlve ninhydrin analysis 
(Sarin, Anal. Biochem., 117:147 (1981)). The resulting 
PNA may be modified with an appropriate transition 
metal complex as outlined in example 1 . 

35 [0112] The synthesis of phosphoramidate (Beau- 
cage, supra, Letsinger, supra, Sawai, supra) and N- 
alkylphosphoramidates (Jager, supra) internucleotide 
linkages follows standard literature procedures with only 
slight modification (the procedures are halted after the 

40 addition of a single base to the solid support and then 
cleaved to obtain a di nucleotide phosphoramidate). A 
typical example is the preparation of the phenyl ester of 
5'0-lsobutyloxycartDonylthymidyl-(3'-5')-6'-amino-5'-de- 
oxythymidine (Letsinger, J. org. Chem., supra). The 

45 dimer units are substituted for standard oligon ucleotides 
at chosen intervals during the preparation of DNA using 
established automated techniques. Transition metal 
modification of the modified linkages takes place as de- 
scribed in Example 1. 

50 [0113] The synthesis of phosphorothloate and phos- 
phorodithioate (Eckstein, supra, and references within) 
internucleotide linkages is well documented. A pub- 
lished protocol utilizes an Applied Blosystems DNA syn- 
thesizer using a modified p-cyanoethylphosphoramidlte 

55 cycle that caps after sulphurlzatlon with tetraethyl- 
thiuram disulfide (TETD) (Iyer, J. Org. Chem. 55:4693 
(1990)). The phosphorothloate and phosphorodithioate 
analogs are prepared as diners and cleaved from the 



Example 3 

10 

Synthesis of Covalently Bound Electron Transfer 



13 



25 



EP 1 172 446 A2 



26 



solid support and purified by HPLC (acetcnitrile/triethy- 
lammonium acetate mobile phase). 

Example 4 

Synthesis of Two Oligonucleotides Each with an 
Electron Transfer, oiety at the 5' Terminus 

[01 1 4] In this example, two oligonucleotides are made 
which hybridize to a single target sequence, without in- 
terv^ening sequences. One cligonucleotide has an elec- 
tron donor moiety covalently attached to the 5' terminus, 
and the other has an electron acceptor moiety covalent- 
ly attached to the 5' terminus. In this example, the elec- 
tron transfer species are attached via a uradine nucle- 
otide, but one skilled in the art will understand the 
present methods can be used to modify any of the nu- 
cleotides. In addition, one skilled in the art wit! recognize 
that the procedure is not limited to the generation of 
8-mers, but is useful in the generation of oligonucleotide 
probes of varying lengths. 

[0115] The procedure is exactly as in Example 1 , ex- 
cept that the 8-mers generated are not complementary 
to each other, and instead are complementary to a target 
sequence of 16 nucleotides. Thus the final annealing 
step of step 4 of Example 1 is not done. Instead, the two 
modified oligonucleotides are annealed to the target se- 
quence, and the resulting complex is characterized as 
in Example 5. 

Example 5 

Characterization of Modified Nucleic Acids 
Enzymatic digestion 

[0116] The modified oligonucleotides of example 1 
were subjected to enzymatic digestion using estab- 
lished protocols and converted to their constituent nucl- 
eosides by sequential reaction with phosphodiesterase 
and allcaline phosphatase. By comparison of the exper- 
imentally obtained integrated HPLC profiles and UV-vis 
spectra of the digested oligonucleotides to standards 
(including 2'-aminouridine and 2'-aminoadenine): the 
presence of the amino-modified base at the predicted 
retention time and characteristic UV-vIs spectra was 
conf inned. An identical procedure was carried out on the 
transition metal modified duplex DNA and assignments 
of constituent nucleosides demonstrated single-site 
modification at the predicted site. 

Fluorescent labeled amino-modified oligonucleotides 

[0117] It has been demonstrated that the fluoro- 
chrome, fluorescein isothiocyanate (FITC) is specific for 
labeling primary amines on modified oligonucleotides 
while not bonding to amines or amides present on nu- 
cleotide bases (Haugiand, IHandbood of Fluorescent 



Probes and Research Chemicals, 5th Edition, (1992)), 
This reaction was carried out using the amino-oligonu- 
cleotide synthesized as described in example 1 and on 
an identical bases sequence without the 2'-amino-ri- 
5 bose group present. Fluorescence spectroscopic meas- 
urements were acquired on both these oligonucleotides 
and the results confirm the presence of the amine on 
the 5'-tenninal ribose ring. 

10 Thenmodynamic Melting Curves of Modified Duplex 
DNA 

[0118] A well established technique for measuring 
themriodynamic parameters of duplex DNA is the acqui- 
15 sition of DNA melting curves. A series of melting curves 
as a function of concentration of the modified duplex 
DNA was measured via temperature controlled UV-vis 
(IHewlett-Packard), using techniques well known in the 
art. These results confimi that hybridization of the ami- 
20 no-modified and transition metal modified DNA had tak- 
en place. In addition, the results indicate that the mod- 
ified DNA form a stable duplex comparable to the sta- 
bility of unmodified oligonucleotide standards. 

25 Two Dimensional Nuclear Magnetic Resonance (NMR) 
Spectroscopy 

[0119] The amino-modified oligonucleotides synthe- 
sized as a part of this work were prepared in sufficient 
30 quantities (6 micromoles) to permit the assignment of 
the^H proton NMR spectra using a 600MHz Varian 
NMR spectrometer. 

Measurement of the rate of electron transfer 

35 

[01 20] An excellent review of the measurement tech- 
niques is found in Winkler et aL, Chem. Rev. 92:369-379 
(1992). The donor is Ru(bpy)2(NHuridine)im, E^-l V, 
and the acceptor is Ru{NH3)4py{NHuridine)im, £^-330 
40 mV. The purified transition metal modified oligonucle- 
otides (UNHRu(bpy)2lmGCATCGA and U^,HRu(NH3)4(py)im- 

CGATGCA were annealed by heating an equal molar 
mixture of the oligonucleotides (30 ^molar: 60 nmoles 
of DNA in 2 ml buffer) in pH 6.8 (1 00 mM NaPi, 900 mM 
45 NaCI) to 60*C for 1 0 minutes and slowly cooling to room 
temperature over a period of 4 hours. The solution was 
transferred to an inert atmosphere cuvette equipped 
with adapters for attachment to a vacuum line and a 
magnetic stirring bar. The solution was degassed sev- 
50 eral times and the sealed apparatus refilled repeatedly 
with Ar gas. 

[0121] The entire apparatus was inserted into a cu- 
vette holder as part of the set-up using the XeCI exci- 
mer-pumped dye laser and data acquired at several 
55 wavelengths including 360, 41 0^ 460 and 480 nm. The 
photoinduced electron transfer rate is 1 .6 X 1 0® s"^ over 
a distance of 28 A. 
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solid support and purified by HPLC (acetonltrile/triethy- 
lammonium acetate mobile phase). 

Example 4 

Synthesis of Two Oligonucleotides Each with an 
Electron Transfer, olety at the 5' Tenriinus 

[0114] In this example, two oligonucleotides are made 
which hybridize to a single target sequence, without In- 
tervening sequences. One cllgonucleotide has an elec- 
tron donor moiety covalently attached to the 5' terminus, 
and the other has an electron acceptor moiety covalent- 
ly attached to the 5' terminus. In this example, the elec- 
tron transfer species are attached via a uradine nucle- 
otide, but one skilled in the art will understand the 
present methods can be used to modify any of the nu- 
cleotides. In addition, one skilled in the art will recognize 
that the procedure is not limited to the generation of 
8-mers, but is useful In the generation of oligonucleotide 
probes of varying lengths. 

[0115] The procedure Is exactly as in Example 1 , ex- 
cept that the 8-mers generated are not complementary 
to each other, and instead are complementary to a target 
sequence of 16 nucleotides. Thus the final annealing 
step of step 4 of Example 1 is not done. Instead, the two 
modified oligonucleotides are annealed to the target se- 
quence, and the resulting complex Is characterized as 
in Example 5. 

Example 5 

Characterization of Modified Nucleic Acids 
Enzymatic digestion 

[0116] The modified oligonucleotides of example 1 
were subjected to enzymatic digestion using estab- 
lished protocols and converted to their constituent nucl- 
eosides by sequential reaction with phosphodiesterase 
and alkaline phosphatase. By comparison of the exper- 
imentally obtained integrated HPLC profiles and UV-vis 
spectra of the digested oligonucleotides to standards 
(including 2*-aminouridine and 2'-aminoadenine), the 
presence of the amino-modified base at the predicted 
retention time and characteristic UV-vis spectra was 
confirmed. An identical procedure was carried out on the 
transition metal modified duplex DNA and assignments 
of constituent nucleosides demonstrated single-site 
modification at the predicted site. 

Fluorescent labeled amino-modified oligonucleotides 

[0117] It has been demonstrated that the fluoro- 
chrome, fluorescein isothiocyanate (FITC) is specific for 
labeling primary amines on modified oligonucleotides 
while not bonding to amines or amides present on nu- 
cleotide bases (Haugtand, Handbood of Fluorescent 



Probes and Research Chemicals, 5th Edition, (1992)). 
This reaction was carried out using the amino-oligonu- 
cleotide synthesized as described in example 1 and on 
an identical bases sequence without the 2'-amino-ri- 
5 bose group present. Fluorescence spectroscopic meas- 
urements were acquired on both these oligonucleotides 
and the results confirm the presence of the amine on 
the 5'-tenTiinal ribose ring. 

10 Thermodynamic Melting Curves of Modified Duplex 
DNA 

[0118] A well established technique for measuring 
thermodynamic parameters of duplex DNA is the acqui- 
ts sition of DNA melting curves. A series of melting curves 
as a function of concentration of the modified duplex 
DNA was measured via temperature controlled UV-vis 
(Hewlett-Packard), using techniques well known in the 
art. These results confimi that hybridization of the ami- 
20 no-modified and transition metal modified DNA had tak- 
en place. In addition, the results indicate that the mod- 
ified DNA form a stable duplex comparable to the sta- 
bility of unmodified oligonucleotide standards. 

25 Two Dimensional Nuclear Magnetic Resonance (NMR) 
Spectroscopy 

[0119] The amino-modified oligonucleotides synthe- 
sized as a part of this work were prepared in sufficient 
30 quantities (6 micromoles) to permit the assignment of 
the^H proton NMR spectra using a 600MHz Varian 
NMR spectrometer. 

Measurement of the rate of electron transfer 

35 

[01 20] An excellent review of the measurement tech- 
niques is found in Winkler et al., Chem. Rev. 92:369-379 
' (1992). The donor is Ru(bpy)2(NHuridine)im, E^-l V, 
and the acceptor is Ru(NH3)4py(NHuridine)im, E^-330 
40 mV. The purified transition metal modified oligonucle- 
otides (UNHRu(bpy)2imGCATCGA and UNHRu(NH3)4<py)im- 

CGATGCA were annealed by heating an equal molar 
mixture of the oligonucleotides (30 p.molar: 60 nmoles 
of DNA in 2 ml buffer) in pH 6.8 (1 00 mM NaPi, 900 mM 

45 NaCI) to 60*C for 1 0 minutes and slowly cooling to room 
temperature over a period of 4 hours. The solution was 
transferred to an inert atmosphere cuvette equipped 
with adapters for attachment to a vacuum line and a 
magnetic stirring bar. The solution was degassed sev- 

50 eral times and the sealed apparatus refilled repeatedly 
with Ar gas. 

[0121] The entire apparatus was inserted into a cu- 
vette holder as part of the set-up using the XeCI exci- 
mer-pumped dye laser and data acquired at several 
55 wavelengths including 360, 41 0, 460 and 480 nm. The 
photoinduced electron transfer rate is 1 .6 X 1 0^ s"^ over 
a distance of 28 A. 
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and second electron transfer moieties. 

2. A method according to claim 1 wherein said second 
electron transfer moiety is covalently attached to 
the second nucleic acid strand. s 

3. A method according to claim 1 or claim 2 wherein 
electron transfer Is Initiated under conditions under 
which a match or mismatch between the target se- 
quence and first nucleic acid strand are distinguish- io 
able. 

4. A method according to any one of the preceding 
claims wherein the second nucleic acid strand with- 
in which there is the target sequence is provided by 15 
amplification in a polymerase chain reaction (PGR). 

5. A method according to any one of claims 1 to 4 
wherein electron transfer is initiated using electrical 
activation. 20 

6. A method according to any one of claims 1 to 4 
wherein electron transfer is initiated using photoin- 
duction with a laser. 

25 

7. A method according to any one of claims 1 to 6 
wherein the second electron transfer moiety com- 
prises a transition metal complex. 

8. A method according to claim 7 wherein the transi- 30 
tion metal in the transition metal complex is cadmi- 
um, magnesium, copper, cobalt, lead, zinc, iron or 
ruthenium. 

9. A method according to any one of claims 1 to 8 35 
wherein the electrode is gold. 
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(I) R^ = H R2 = NH2 

(H) RUNHg R2*H 

(m) RUNHg R2 = 0H 

(IV) RUOH r2 = NH2 

(Base) Adenine, guanine, cytosine, thymidine, uridine. 
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